How Do Gain and Loss Incentives Affect Memory for Intentions Across Adulthood? by Horn, Sebastian S & Freund, Alexandra M








How Do Gain and Loss Incentives Affect Memory for Intentions Across
Adulthood?
Horn, Sebastian S ; Freund, Alexandra M
Abstract: Objectives: Changes in motivational orientation across adulthood affect cognitive processes.
The purpose of this research was to investigate if and how motivational incentives (gains or losses) affect
prospective memory for intended actions in younger, middle-aged, and older adults. Method: The conse-
quences of memory hits and misses and the framing of the memory tasks were experimentally manipulated
between participants: In a gain-framing condition, participants accumulated rewards, dependent on the
proportion of target events to which they responded accurately. In a loss-framing condition, participants
received an initial endowment from which losses were deducted, dependent on the proportion of targets
they missed. We measured memory accuracy, perceived task importance, and ongoing-task performance.
Results: Gains and losses had different effects on memory across age groups: Age×Motivational Valence
interactions emerged across 2 studies. Older adults showed relatively better memory performance to
avoid losses than to achieve gains. Moreover, higher age was associated with lower memory performance
(Study 1) and slower but more accurate decisions in an ongoing activity (Study 2). Discussion: The
findings reveal that motivational incentives and the framing of consequences as gains or losses moderate
the relation between age and memory performance. Older adults’ memory performance may benefit when
messages encourage the avoidance of losses. This may also help to design age-tailored interventions in
applied settings (e.g., health-related behavior).
DOI: https://doi.org/10.1093/geronb/gbaa140





Horn, Sebastian S; Freund, Alexandra M (2021). How Do Gain and Loss Incentives Affect Memory
for Intentions Across Adulthood? Journals of Gerontology, Series B: Psychological Sciences and Social
Sciences, 76(4):711-721.
DOI: https://doi.org/10.1093/geronb/gbaa140
RUNNING HEAD: AGING, MEMORY, GAINS AND LOSSES                   
How Do Gain and Loss Incentives Affect Memory for Intentions Across Adulthood? 
Sebastian S. Horn, PhD, 1 and Alexandra M. Freund, PhD1,2 
1 University of Zurich  




Dr. Sebastian S. Horn. Department of Psychology, University of Zürich, Switzerland. 
Prof. Dr. Alexandra M. Freund, Department of Psychology, University of Zürich, 
Switzerland and Research Priority Program Dynamics of Healthy Aging. 
Funding. This work was supported by Swiss National Science Foundation (SNF) 
grant 100019-185463 to Sebastian Horn.  
Acknowledgements. We thank the members of the Life-Management Team at the 
University of Zurich for helpful comments. Parts of this research were presented at the annual 
meeting of the Psychonomic Society, Montreal, Canada, November 2019, and at the 
International Conference on Aging and Cognition, Zurich, Switzerland, April 2019.  
Further information. Supplemental materials are available at the Open Science 
Framework at https://tinyurl.com/gainlossmemory (including supporting information, data, 
and stimulus materials). This research was not pre-registered. Analysis scripts are available 
from the first author upon request. 
Word count. This manuscript has 4869 words (abstract, text), 50 references, 3 
Tables, and 2 Appendices. 
Correspondence. Correspondence concerning this article should be addressed to 
Sebastian S. Horn, University of Zürich, Department of Psychology, Binzmühlestr. 14 (Box 
11), 8050 Zürich, Switzerland. Email: horn@psychologie.uzh.ch  
Reference: Horn, S., & Freund, A. M. (in press). How Do Gain and Loss Incentives Affect Memory for Intentions 
Across Adulthood? The Journals of Gerontology: Psychological Sciences. 
Note: This preprint is not the final copy of the record and may not exactly replicate the final version of the article. 




Objectives: Changes in motivational orientation across adulthood affect cognitive processes. 
The purpose of this research was to investigate if and how motivational incentives (gains or 
losses) affect prospective memory for intended actions in younger, middle-aged, and older 
adults.  
Method: The consequences of memory hits and misses and the framing of the memory tasks 
were experimentally manipulated between participants: In a gain-framing condition, 
participants accumulated rewards, dependent on the proportion of target events to which they 
responded accurately. In a loss-framing condition, participants received an initial endowment 
from which losses were deducted, dependent on the proportion of targets they missed. We 
measured memory accuracy, perceived task importance, and ongoing-task performance. 
Results: Gains and losses had different effects on memory across age groups: 
Age×Motivational Valence interactions emerged across 2 studies. Older adults showed 
relatively better memory performance to avoid losses than to achieve gains. Moreover, higher 
age was associated with lower memory performance (Study 1) and slower but more accurate 
decisions in an ongoing activity (Study 2).  
Discussion: The findings reveal that motivational incentives and the framing of 
consequences as gains or losses moderate the relation between age and memory performance. 
Older adults’ memory performance may benefit when messages encourage the avoidance of 
losses. This may also help to design age-tailored interventions in applied settings (e.g., 
health-related behavior).  
 Keywords: Gains and losses, cognitive aging, motivation, prospective memory, 
cognitive modeling 
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How Do Gain and Loss Incentives Affect Memory for Intentions Across Adulthood? 
  Lifespan developmental theory suggests that the frequency of gain- and loss-related 
experiences changes systematically across adulthood (Baltes et al., 1998): Younger adulthood 
provides many opportunities for growth and investment, whereas resource limitations become 
more prevalent in older adulthood. There is evidence that people’s motivational orientation 
changes correspondingly, from a primary focus on achieving gains in younger adults towards 
the maintenance of resources and avoidance of losses in older adults (e.g., Freund & Ebner, 
2005; Heckhausen et al., 1989; Ogilvie et al., 2001; Staudinger et al., 1995). Such changes in 
motivational orientation across adulthood may influence cognitive processes, including how 
and what people remember (Castel et al., 2016; Hargis et al., 2019; Hess & Emery, 2012). 
Past research has demonstrated that memory performance is particularly affected when tasks 
involve a motivational component that is relevant for subsequent actions and when there is a 
realistic prospect of avoiding negative or achieving positive consequences (e.g., Bowen & 
Spaniol, 2017; Depping & Freund, 2013; Mather & Carstensen, 2015). Hence, if people are 
oriented towards achieving gains or preventing losses, this may result in relatively better 
memory when information has to be remembered that matches with their motivational 
orientation. In the current research, we examined how gains and losses following memory 
success and failure, respectively, affect performance from this motivated-cognition 
perspective. 
Aging and Memory for Intentions 
 To experimentally investigate the interplay between motivation and remembering, we 
focused on memory for intentions (prospective memory; PM). Goal orientation likely plays 
an important role in PM, because PM involves remembering intended actions in the future as 
part of explicit planning (Cohen & Hicks, 2017; Kliegel et al., 2001; McDaniel & Einstein, 
2000; Rummel & McDaniel, 2019; Smith et al., 2007). So far, research on aging and PM has 
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largely focused on cognitive processes (e.g., Einstein & McDaniel, 1990; Henry, et al., 2004; 
Horn et al., 2013; Logie & Maylor, 2009; Scullin et al., 2012; Smith & Bayen, 2006; Uttl, 
2008). For instance, age differences in PM are usually smaller when salient cues support 
retrieval and reduce attentional demands to monitor the environment (Craik, 1986; Kliegel et 
al., 2008; Park et al., 1997). Moreover, in laboratory settings, younger adults show higher 
memory performance than older adults in event-based PM tasks (remembering to execute an 
action when a target event occurs) and time-based PM tasks (remembering to execute an 
action at a specific clock time).  
Motivational Perspective 
 Although research on cognitive processes has significantly advanced our understanding 
of age-related differences in PM, evidence highlighting the importance of motivational and 
social aspects in PM tasks has begun to accumulate (e.g., Brandimonte et al., 2010; 
Gollwitzer & Cohen, 2008; Schnitzspahn et al., 2011). Given the characteristic future- and 
action-orientation of PM, performance could be particularly sensitive to motivational 
influence in PM tasks. Hence, a motivational perspective on PM promises to provide an 
ecologically more valid and complete picture on how younger and older adults remember 
delayed intentions across different contexts (Phillips et al., 2008).  
 A first suggestion to link goal constructs and PM processes was made in Penningroth 
and Scott’s (2007) motivational-cognitive model. Following prominent goal theories 
(Kruglanski et al., 2002), a key notion in this model is that remembering intentions involves 
concrete activities or means that support higher-level goals. From this perspective, relations 
between PM tasks and goals can be viewed as hierarchical networks, in which PM tasks are 
at a relatively concrete level (e.g., remember to take medication) associatively linked with 
further midlevel goals (e.g., keep adequate blood pressure) and more abstract goals at the 
high end (e.g., maintain good health). Consequently, PM tasks that are strongly associated 
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with currently relevant higher-level goals may have a higher likelihood of being fulfilled than 
others. In line with this, both younger and older adults tend to report higher importance of 
PM tasks that are related to their personal goals. Moreover, self-reports suggest that younger 
and older adults’ everyday PM demands are motivated by different goals and concerns 
(Penningroth & Scott, 2019). Here, we assume that the extent to which younger and older 
adults differ in motivational orientation (i.e., the tendency to be moved by approaching gains 
or avoiding losses; Freund & Ebner, 2005) influences their evaluation of incentives in a PM 
task. Dependent on the kinds of goals a person holds, the same consequences of a 
remembered or forgotten intention can have different relevance. For example, a primarily 
gain-oriented person might be strongly motivated to remember attending workout class to 
further increase physical fitness. In contrast, a person who is primarily loss-avoidance 
oriented might be more motivated no to forget exercising to prevent health issues. Hence, 
forgetting the same intention might be perceived as foregone gain or a loss, depending on a 
person’s motivational orientation. Based on these considerations, we assumed (a) that 
motivational orientation could be an important source of age-related variability in PM and (b) 
that motivational incentives (gains or losses) resonating with a person’s orientation regarding 
higher-level goals could have stronger impact on PM performance. We are not aware of 
experimental studies that have tested the effects of motivational incentives on PM in middle-
aged or older adults. A first aim of the current studies was to investigate the potentially age-
differential impact of gain and loss incentives on PM.  
 Only few studies on PM have manipulated motivation through incentives (tokens or 
monetary reward) or through social relevance (for overviews, see Cook et al., 2015; Walter & 
Meier, 2014). In contrast, several studies have manipulated importance of PM tasks through 
verbal instructions and typically found that emphasizing the importance of PM increases 
memory accuracy (e.g., Ball & Aschenbrenner, 2018; Kliegel et al., 2001; Walter & Meier, 
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2014). These different manipulations could elicit different forms of motivation that in turn 
may influence PM via different routes (e.g., more or less effortful monitoring to detect PM 
targets; for further discussion, see Study 2). Specifically, it has been suggested that externally 
provided incentives (gains or losses) and participants’ intrinsic interest in a given PM task 
could have independent and potentially divergent effects on PM performance (see Peter & 
Kliegel, 2018; Walter & Meier, 2014). Because subjective relevance of a PM task may have 
incentive-independent effects on PM, we additionally measured participants’ perceived 
importance of the PM tasks. The aim was to quantify the extent to which participants’ 
intrinsic interest in performing the PM task may affect performance above and beyond the 
external incentive manipulation and to disentangle potentially different motivational sources 
affecting memory performance.  
 Taken together, we investigated how motivational incentives influence PM across 
adulthood by manipulating the consequences following memory failure and success in terms 
of gains and losses, respectively, that were added to or subtracted from a person’s payoffs.  
Based on the notion that maintenance of resources and prevention of losses become 
particularly relevant in older adulthood (Freund & Ebner 2005), we expected age-differential 
effects of gain- and loss-related consequences on memory performance (Age×Motivational 
Valence interactions in PM performance). To the extent that older adults are more motivated 
by incentives to avoid losses than to achieve gains, they might be more sensitive to losses and 
show relatively better PM with loss-related than gain-related consequences. This would 
suggest that age differences in PM are smaller in a loss context than in a gain context. Based 
on previous cognitive aging research, we also expected age differences in memory 
performance: older adults in event-based PM tasks often show lower memory performance 
than younger adults (e.g., Kliegel et al., 2008; Smith & Bayen, 2006).  
Study 1 
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 In Study 1, we examined the aforementioned propositions with a motivational 
incentive/framing manipulation: in a gain condition, participants could accumulate reward, 
dependent on the proportion of target events that they responded to correctly. In a loss 
condition, participants received an initial endowment from which losses were deducted, 
dependent on the proportion of target events they missed. In addition, we measured 
participants’ perceived importance of the PM task.  
Method 
 Participants and design. The final sample of Study 1 included 146 adults (49% female) 
in the age range 18 to 83 years, who participated online via their browser (further information 
about sample size planning of both studies and about online data collection is in Supplement 
5 and 8, respectively). We aimed at an approximately equal proportion of younger (18-34 
years; n = 48), middle-aged (35-60 years; n = 46), and older adults (61-83 years; n = 52). 
Table 1 shows participant characteristics. Participants were native/fluent German speakers 
and reported good health. Participants were randomly assigned to one of two experimental 
motivational-framing conditions: gains vs. losses. Participants’ chronological age and their 
perceived PM-task importance were included as continuous variables in the analyses.  
 Materials and procedure. Participants read initial instructions for an event-based PM 
task that was embedded in an unrelated questionnaire. Following procedures by Logie and 
Maylor (2009), participants were instructed to remember to klick on a smiley-face symbol 
whenever it occurred at the bottom of a questionnaire page. Moreover, participants were 
informed that, depending on their PM performance, they could contribute up to 2.5CHF 
(~2.5USD) for a donation. Older adults often express a preference to donate their financial 
reimbursement for participation in experimental studies (Freund & Blanchard-Fields, 2014). 
To provide motivational incentives that are also appealing to older adults, we applied a 
previously tested procedure in which performance-contingent payoffs were donated to a 
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humanitarian organization after the study (Doctors Without Borders). To emphasize the 
relevance of even small amounts gained or lost, participants were informed that 
approximately 1CHF may help to provide medical treatment for six children suffering from 
malaria or two portions of additional nutrition for malnourished children (source: 
www.doctorswithoutborders.org). In the gain-frame condition, participants were informed 
that they could accumulate up to 2.5CHF for this purpose, contingent on the proportion of 
PM targets they would respond to correctly. In the loss-frame condition, participants started 
with an amount of 2.5CHF and were informed that they could lose this initial endowment, 
contingent on the proportion of PM targets they would miss. Participants then worked self-
paced on a series of questionnaire pages (completion duration: Mdn = 14 min; SD = 3 min). 
Ten PM target events were uniformly interspersed among the questionnaire pages. PM 
performance was scored in terms of whether a smiley face was clicked before a participant 
moved to the next screen (PM miss = 0; PM hit = 1). Participants also completed a test of 
cognitive speed and provided ratings of their perceived absolute importance of the PM task 
(Likert scale; 1 = unimportant; 7 = very important). Finally, we included checks to ensure the 
quality of the data. We debriefed and cued participants at the end of a session whether they 
could remember the PM action. Participants who, upon this explicit request, could not 
indicate the PM action and additionally never performed PM task during the study were 
excluded from further analyses (n = 9 out of 155 participants in Study 1), as is common in 
PM studies (Smith & Bayen, 2006). Both studies were conducted in accordance with the 
university’s ethics guidelines; participants provided informed consent, were debriefed, and 
financially compensated for their participation.  
Results and Discussion 
 Importance-Incentive Relation. We first analyzed the relation between perceived 
importance and motivational-incentive condition. The two variables were uncorrelated, r = 
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.03, BF10 = 0.22.1 
 Memory Performance. We used Bayesian regression2 to quantify evidence for the 
absence/presence of a relation between age and memory performance and to analyze whether 
this relation was moderated by our motivational manipulation and perceived task importance. 
For this purpose, we entered z-standardized scores of age, importance, and incentive/framing 
condition (effect coded: gains = −1; losses = +1) and compared a series of regression models 
that differed systematically in terms of the included main effects and interactions to predict 
memory performance. The use of BFs makes it possible to compare the predictive adequacy 
of competing models.  
 As shown in Table 2, all models received overwhelming evidence in comparison to the 
Null model, suggesting that the included predictor variables are relevant to account for 
memory performance. Model M2 (including main effects of Age, Importance, and 
interactions of Age×Losses, Age×Importance) outperformed the Null model the most and 
also received most support in comparison against all other candidate models (BFM » 7.80).  
 Memory performance is in Table 3. Regarding the regression coefficients,3 the data 
supported inclusion of the variables Age (b = −.13, CI = [−.26, .00], BFinclusion = 5.81) and 
Importance (b = .51, CI = [.37, .64], BFinclusion > 100). That is, memory performance 
decreased with age and was higher for people who rated the memory task as more important. 
Inclusions of the interactions Age×Importance (b = −.15, CI = [−.27, .00], BFinclusion = 9.44) 
and Age×Losses (b = .14, CI = [.00, .27], BFinclusion = 7.53) also received support from the 
data, whereas there was little evidence for the inclusion of the main effect of Losses (b = .05, 
CI = [−.04, .19], BFinclusion = 1.75). The Age×Importance interaction was due to a stronger 
relation between importance and PM in younger adults (r = .70, BF10 > 100) than in older 
adults (r = .34, BF10 > 3.50). Notably, the Age×Losses interaction was due to more stable 
memory performance across age in the loss condition than in the gain condition: follow-up 
RUNNING HEAD: AGING, MEMORY, GAINS AND LOSSES  10 
 
 
analyses showed that PM did not decrease with age in the loss condition, r = −.01, BF10 = 
0.15; in contrast, PM decreased with age in the gain condition, r = −.30, BF10 = 3.89. This 
may suggest that avoidance of negative consequences following memory failure is 
particularly relevant for older adults and enhances their memory performance.  
Study 2 
In Study 2, we examined gain/loss incentive effects on memory performance across 
adulthood in a typical experimental PM setting (Einstein & McDaniel, 1990). Participants 
were engaged in a lexical-decision ongoing task in which target events could occur. This 
allowed us to analyze the interplay between PM and ongoing-task performance. Moreover, 
the experiment had several interrelated aims: First, to compare motivational-incentives 
effects to a condition in which people are not rewarded contingent on memory accuracy (the 
typical situation in PM studies), the study included a control group that did not receive 
performance-contingent payoffs. Given that motivational intensity increases through 
incentives (Braver et al., 2014), we expected that both gains and losses enhance PM 
performance. There is also initial evidence from research with younger adults that PM is 
higher in the presence of both reward and punishment, relative to non-incentivized control 
conditions (Cook et al., 2015). Second, we allowed participants to freely choose the amount 
of payoff that they could keep for themselves. Because the relevance of social donations may 
differ between younger and older adults (Freund & Blanchard-Fields, 2014), this approach 
allowed us to match the subjective consequences following memory failure or success 
through a revealed-preference approach (Samuelson, 1948). Third, we measured the 
cognitive components contributing to PM with a cognitive mathematical model (multinomial 
processing tree model of PM; Horn et al., 2011; Smith & Bayen, 2006). This allowed us to 
disentangle potential motivational effects on the prospective component (becoming aware at 
the right moment that one had an intention) and retrospective component (recognition of 
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target events) of the PM task. Finally, we examined whether incentives induce more or less 
effortful maintenance of intentions. In general, motivational incentives may influence PM at 
different phases throughout a task (i.e., at formation, retention, initiation, or execution of an 
intention; Penningroth & Scott, 2007). As one possible scenario, motivational incentives 
could induce attentional monitoring to detect PM targets, which would come at a cost of 
greater interference with ongoing tasks (e.g., Smith et al., 2007). In this case, we would 
expect lower ongoing-task performance in the incentivized relative to non-incentivized 
conditions (higher response times and/or lower accuracy). As an alternative scenario, 
motivational incentives could substantially reduce or eliminate the need for active monitoring 
(cf. McDaniel & Einstein, 2000), through different cognitive mechanisms (e.g., enhanced 
encoding; higher accessibility of intentions during the retention phase; or higher salience of 
associated target events). Although this study was not designed to disentangle which of these 
specific mechanisms best explains the data, in this scenario, we would expect no differences 
in ongoing-task performance between conditions, despite higher PM in the incentivized 
conditions. 
Method 
Participants and design. We aimed at an approximately equal proportion of younger 
(<35 years; n = 94), middle-aged (35-60 years; n = 76), and older adults (>60 years; n = 91). 
The final sample in Study 2 included 261 adults (59% female) in the age range 18 to 81 years 
(Table 1), who participated online. Participants were native English speakers, they reported 
good health, were debriefed, and received 2.5USD for participation. Participants were 
randomly assigned to one of three experimental conditions (gains; losses; control); 
participants’ chronological age and their perceived task importance were included as 
continuous variables in the analyses. 
 Materials. We used word stimuli from the English-lexicon-project database (Balota et 
RUNNING HEAD: AGING, MEMORY, GAINS AND LOSSES  12 
 
 
al., 2007) with Kučera-Francis frequency of 4-5 per million, word length 6-8 letters, and 2-3 
syllables. To make the ongoing task challenging, we selected words for which classification 
accuracy was lower than 90% from the database. From this larger set, we selected 10 targets 
and 224 filler words that did or did not include the syllable ing, respectively. Half of the 
targets and filler words, respectively, were randomly selected and transformed into nonwords 
by changing one vowel within a letter string. The nonwords were screened by a native 
speaker to ensure that the strings were not coincidentally transformed into another English 
word.  
 Procedure. After completion of a demographic questionnaire, participants practiced 24 
trials of a lexical-decision task in which black lowercase letter strings (sans-serif font) were 
presented sequentially in the middle of a white screen (50% words; 50% nonwords). 
Participants were asked to make word/nonword decisions quickly and accurately. During 
practice, they received feedback for correct and error responses and the program started the 
next trial if no response was given within 4s following stimulus onset. Participants then 
received instructions for an event-based PM task: they were asked to remember to press the 
spacebar key (instead of providing a word/nonword response) whenever a letter string 
included the syllable ing. Participants were shown two targets as examples (walking; ingbar) 
that did not occur in the subsequent phase. In the control condition, participants received no 
further instructions. In the gain-frame condition, participants were informed that they could 
accumulate additional 2.5USD, contingent on the proportion of PM targets they would 
respond to correctly (+25 cent/target). In the loss-frame condition, participants were informed 
that they additionally received an initial endowment of 2.5USD from which money could be 
subtracted, contingent on the proportion of PM targets they would miss (−25 cent/target). 
Participants from both motivational-incentive conditions were then informed that they could 
freely choose how much from the additional performance-based payoff would later go to 
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themselves or a donation and entered a number from 0 to 100% indicating their choice. 
 After a brief delay, participants completed 210 trials of a lexical-decision ongoing task 
(50% words) with an embedded event-based PM task (5 word and 5 nonwords targets). 
Target events occurred on trials 21, 42, 63, 84, 105, 126, 147, 168, 189, 210. PM accuracy 
was measured as the proportion of targets correctly responded to. We included the same 
checks as in the previous study to ensure that participants understood the PM instructions 
(people who could not indicate the PM key and additionally never pressed the PM key during 
the study were excluded from further analyses; n = 8 out of 269 participants in Study 2). 
Finally, participants entered a number, between 0 (unimportant) to 100 (very important), 
indicating PM task importance.  
Results and Discussion 
 Importance-Incentive Relation. There was no relation between perceived importance 
and motivational incentive/framing condition, r = .05, BF10 = 0.21. 
Memory performance. As in the previous study, we examined if and how the relation 
between age and memory performance (Table 3) was moderated by our motivational 
incentive/framing manipulation and task importance. For this goal, z-standardized scores of 
age, importance, and framing (effect coded: gains = −1; control = 0; losses = +1) were 
entered in a series of regression models that differed systematically regarding the included 
main effects and interactions (Table 2). 
 All considered models outperformed the Null model, suggesting that the included 
predictor variables were relevant to account for variability in memory performance. Model 
M2 (including an effect of Losses, Importance, and interactions of Age×Losses, 
Age×Importance on memory performance) outperformed the Null model the most and 
received most support in comparison against all other candidate models (BFM » 27.35).  
 Regarding the regression coefficients in the model, the data supported inclusion of the 
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predictor Importance (b = .15, CI = [.00, .25], BFinclusion = 13.16), of a Losses effect (b = .16, 
CI = [.00, .33], BFinclusion = 6.59), and of an Age×Losses interaction (b = .15, CI = [.00, .31], 
BFinclusion = 5.23). There was also some evidence for an Age×Importance interaction (b = .09, 
CI = [.00, .23], BFinclusion = 3.47). However, the data did not support inclusion of an effect of 
Gains (b = .05, CI = [−.04, .22], BFinclusion = 1.28), of Age, or of the Age×Gains interaction in 
the model (0.81 < BFs < 1). Thus, memory performance was expectedly higher for people 
who perceived the memory task as more important and there was indication that losses 
(following memory failure) increased performance. The enhancing effects of losses and 
importance on PM were more pronounced in older than younger adults (as indicated by the 
positive Age×Losses and Age×Importance coefficients, respectively).  
 Ongoing-Task Performance. We calculated each participant’s mean accuracy and 
median response time on nontarget trials in the ongoing lexical-decision task (Table 3). We 
then included the same predictors as in our analyses of PM to analyze ongoing-task 
performance in series of Bayes-regression models. There was only strong evidence for an 
effect of age on accuracy (b = .32, CI = [.21, .42], BFinclusion > 100) and on response time (b = 
.22, CI = [.10, .36], BFinclusion = 32.00), respectively, with older participants responding more 
slowly and accurately than younger participants. This replicates a common pattern between 
age groups in the lexical-decision task (Ball & Aschenbrenner, 2018; Horn et al., 2013). 
Notably, there was no evidence for further main effects or for interactions with the 
motivational-incentive conditions (0.10 < all BFs < 1), suggesting that differences in memory 
performance between conditions are unlikely due to trade-offs with ongoing-task 
performance. 
 Cognitive Modeling. To gain further insight into the cognitive components underlying 
PM, we fit a multinomial model4 to the data (Horn et al., 2011). This model has three free 
parameters that are estimated from people’s responses in an event-based PM task: parameter 
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P, measuring the probability of becoming aware at the relevant moment that one had an 
intention (prospective component); parameter M, measuring the probability of accurately 
recognizing a target (retrospective component); parameter C, measuring the probability of 
correctly responding to an ongoing-task stimulus. We regressed all model parameters on the 
same predictors as in the previous analyses, using a Bayesian multi-level approach (Klauer, 
2010). Regarding model parameter P, we found effects of Importance (BF10 = 7.38) and an 
Age×Importance interaction (BF10 = 3.66). This dovetails with previous research, in which 
emphasizing the importance of a PM task increased the prospective-component parameter 
(Smith & Bayen, 2004); moreover, it has been suggested that importance instructions may be 
more beneficial for older than younger adults’ PM if ongoing tasks require little attentional 
control (e.g., lexical decisions; Ball & Aschenbrenner, 2018). Regarding model parameter M 
(retrospective recognition), we found an Age×Losses interaction (BF10 = 6.3). This suggests 
that motivational incentives enhance PM through better target recognition, particularly in 
older adults. Regarding model parameter C, we found a main effect of Age (BF10 > 100) 
suggesting that older adults made more accurate ongoing lexical decisions than younger 
adults.  
 Payoff decision. We further analyzed whether the percentage of payoff that participants 
decided to keep for themselves versus to donate varied with age or differed between the gain 
or loss conditions (Table 3). Regression analyses did not indicate any effects on this variable 
(0.1 < BFs10 < 1).  
General Discussion 
We investigated whether gain or loss consequences have different impact on memory 
performance in younger, middle-aged, and older adults. Based on propositions from lifespan 
motivation research, we assumed that avoidance of losses following memory failure could be 
a stronger motivator for older than younger adults’ performance, because losses are often 
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costlier to overcome in older age (Baltes et al., 1998; Freund & Ebner, 2005; Heckhausen et 
al., 1989). In line with this, the relation between age and memory performance was 
moderated by motivational valence in two studies (with different materials, procedures, 
participant pools), indicating a relatively robust pattern: with higher age, people showed 
relatively better memory performance to avoid losses than to achieve gains. PM decreased 
across age in the gain and control conditions, whereas performance remained relatively stable 
in the loss conditions. There was also indication in Study 2 that losses, regardless of age, 
enhanced PM relative to a non-incentivized control condition. Overall, these findings suggest 
that losses may have relatively stronger effects on memory performance with increasing age 
and demonstrate for the first time that motivational incentives may enhance both younger and 
older adults’ PM in laboratory tasks (Aberle et al., 2010; Cook et al., 2015).  
Contrary to expectations, younger adults showed similar memory performance in the 
gain, loss, and control conditions. Based on our theorizing, we had anticipated a stronger 
advantage for gain over loss related consequences on younger adults’ memory (cf. Castel et 
al., 2016). Interestingly, however, the current findings are consistent with prior PM studies in 
which college students also did not show performance differences between gain and loss 
conditions (Cook et al., 2015). This may suggest that younger adults are generally more 
motivated in computerized lab-based tasks than older adults (Schnitzspahn et al., 2011)—
regardless of the specific incentives that are at stake. It is an avenue for further research to 
examine the relative impact of gains and losses outside laboratory settings, where younger 
adults’ performance may depend more strongly on motivational incentives (Aberle et al., 
2010).  
The current studies further indicate that people’s perceived task importance is a key 
predictor of PM performance. Importance and motivational incentives had independent 
effects on PM and both moderated the relation between age and memory. This suggests that 
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the two variables may reflect different motivational components that affect PM, given that 
they were uncorrelated in both studies. It could be informative to routinely include measures 
of perceived importance in PM studies as an indicator of people’s interest in performing the 
tasks, which may not necessarily be tied to other motivational manipulations (cf. Walter & 
Meier, 2014).  
Intended actions that are incentivized or perceived as important may improve PM 
through different cognitive processes (Penningroth & Scott, 2007). Given that PM, but not 
ongoing-task performance, differed between the experimental conditions, the present findings 
indicate that incentive effects on PM are not necessarily associated with substantial changes 
in speed or accuracy of ongoing-task responses (see Cook et al., 2015, for similar findings 
with younger adults). One potential explanation is that incentives facilitate the detection of 
target events. An attention-capturing target may stimulate activation of an intention, even if 
that intention has not been actively maintained before (Smith et al., 2007). So far, beneficial 
effects of salience on PM have mainly been found for semantic and perceptual features: For 
instance, participants show high PM with only minimal ongoing-task slowing when a PM 
task involves semantically salient targets (participants’ names) or perceptually salient targets 
(red letter-strings) embedded in a lexical-decision task (Smith et al., 2007). Incentives may 
have similar effects and induce motivational salience (e.g., Cunningham & Brosch, 2012), 
implying that personally relevant information could greatly reduce the need for active 
monitoring to detect target events. Further research needs to delineate these cognitive 
mechanisms in more detail; however, the current studies highlight the possibility that 
motivational incentives have the potential to enhance older adults’ PM performance with 
little extra cost (for a discussion of potentially related effects through the use of motivational 
implementation-intention strategies, see Gollwitzer & Cohen, 2008). 
Higher age was associated with lower PM in Study 1 (BF = 5.81), but there was no 
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main effect of age in Study 2 (BF = 0.80). Similar levels of PM performance for younger and 
older adults may appear surprising, but have been found in several previous studies (e.g., 
Einstein & McDaniel, 1990), suggesting that the magnitude of age differences in PM depends 
on task characteristics (Henry et al., 2004). The use of one single target syllable (ing) and the 
relatively stable performance across age in the loss condition may have contributed to that 
pattern. Moreover, the sample in Study 2 included relatively younger older adults (the 
percentages of participants over 69 years were 18% vs. 8% in Studies 1 and 2, respectively).  
In conclusion, the present research sheds first light on the interplay between 
motivational incentives and memory for intentions across adulthood. The findings suggest 
that the framing of outcomes as gains or losses may not only influence people’s judgments 
and decisions (e.g., McNeil et al., 1982) but may also affect how well younger and older 
adults remember to do things. Under specific circumstances, older adults’ memory 
performance may benefit when messages encourage the avoidance of losses. An interesting 
avenue for future research could be to investigate incentive effects in applied naturalistic 
settings (e.g., regarding health-related behavior).  
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 1 A Bayes factor (BF) compares the likelihood of the data under one model M1 (e.g., a 
model assuming a relation between two variables) to that under another model M0 (e.g., a 
model assuming no such relation). BF thus quantifies the evidence for one model over 
another model (i.e., the amount by which the observed data changed one’s relative belief 
about these models) as a ratio of likelihoods on a continuous scale. For example, when BF10 
= 7, the data are seven times more likely under M1 than under M0; when BF10 = 0.1, the data 
are ten times more likely under M0 than under M1. BFs10 larger than 10 or 100 are usually 
interpreted to indicate “strong” or “extreme” evidence for M1, respectively; BFs10 smaller 
than 0.1 or .001, respectively, would indicate “strong” or “extreme” evidence for the null 
model M0; BFs between 1/3 and 3 are interpreted to indicate only equivocal evidence (cf. 
Wagenmakers et al., 2018).  
2 Our prior distributional assumptions relied on the default settings from the 
BayesFactor package as implemented in the software JASP that we used for analysis 
(Wagenmakers et al., 2018). That is, for estimation of regression coefficients, we relied on 
the common Jeffreys-Zellner-Siow scheme that assigns a multivariate Cauchy distribution to 
the regression coefficients. The Cauchy is equivalent to a t-distribution with df = 1 and thus a 
“fat-tail” symmetric distribution. To complement our Bayesian analyses, we also examined 
regression coefficients using a frequentist inferential approach (see Supplement 4) which, in 
the present case, led to conclusions that were not qualitatively different from the Bayesian 
regression analysis. 
3 The analysis of regression coefficients relied on Bayesian model averaging 
(Wagenmakers et al., 2018). The goal is to deal with model-selection uncertainty by 
averaging the conclusions from each candidate model, weighted by the posterior plausibility 
of that model. BFinclusion quantifies the strength of evidence for the inclusion of a predictor, 
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averaged across the models under consideration.  
4 Technical details about the modeling are in Appendix B and in Supplement 1. 
Further information about the modeling results is in Supplements 2 and 3.  
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Study 1    
Gender    
male 23 22 29 
female 25 24 23 
Education level    
obligatory school or 
apprenticeship 
13 21 22 
vocational training 3 4 9 
high school/college 18 11 9 
university degree 13 10 12 
Income    
< 39 12 4 11 
40-99 18 24 34 
> 99 7 12 10 
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Table 1 continued 
Study 2    
Gender    
male 50 27 28 
female 42 49 63 
Education level    
vocational training 3 6 8 
high school (or lower) 24 15 21 
college 27 18 13 
university degree 40 37 49 
Income    
< 20 16 19 26 
20-40 24 21 29 
40-60 19 13 17 
60-100 20 11 9 
> 100 8 8 4 
Note. Frequency of participants (n) as a function of sample characteristics. 
Income = yearly income ×1000 in CHF (study 1) or USD (study 2); not all 
participants provided responses on all variables.
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Table 2 Comparison of Regression Models Predicting Memory Performance in Study 1 and 2 
Model Study 1: Predictors P(M) P(M|data) BFM BF10 R² 
M0 Null model  0.167  2.562e−10  1.281e−9  1.000  0.000  
M1 Age + Losses + Importance + Age×Losses + Age×Importance  0.167  0.529  5.614  2.065e+9  0.355  
M2 Age + Importance + Age×Losses + Age×Importance  0.033  0.212  7.803  4.138e+9  0.347  
M3 Importance + Age×Losses + Age×Importance  0.017  0.043  2.647  1.676e+9  0.322  
M4 Losses + Importance + Age×Losses + Age×Importance  0.033  0.039  1.172  7.584e+8  0.330  
M5 Age + Importance + Age×Importance  0.017  0.030  1.839  1.180e+9  0.319  
M6 Age + Losses + Importance + Age×Importance  0.033  0.028  0.822  5.383e+8  0.327  
M7 Age + Losses + Importance + Age×Losses  0.033  0.020  0.601  3.963e+8  0.324  
M8 Age + Importance + Age×Losses  0.017  0.020  1.217  7.888e+8  0.315  
M9 Importance  0.033  0.018  0.545  3.600e+8  0.269  
M10 Importance + Age×Importance  0.017  0.017  1.017  6.613e+8  0.295  
M11 Importance + Age×Losses  0.017  0.014  0.814  5.316e+8  0.293  
M12 Age + Importance  0.017  0.010  0.579  3.791e+8  0.289  
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Table 2 continued 
Model Study 2: Predictors P(M) P(M|data) BFM BF10 R² 
M0 Null model  0.125  0.005  0.038  1.000  0.000  
M1 Age + Gains + Losses + Importance + Age×Gains + Age×Losses + Age×Importance  0.125  0.165  1.386  31.008  0.108  
M2 Losses + Importance + Age×Losses + Age×Importance  0.004  0.089  27.354  586.438  0.101  
M3 Gains + Losses + Importance + Age×Gains + Age×Losses + Age×Importance  0.018  0.067  3.940  87.809  0.107  
M4 Age + Gains + Losses + Importance + Age×Losses + Age×Importance  0.018  0.065  3.840  85.720  0.106  
M5 Gains + Losses + Importance + Age×Losses + Age×Importance  0.006  0.064  11.508  254.047  0.105  
M6 Losses + Importance + Age×Gains + Age×Losses + Age×Importance  0.006  0.047  8.317  186.946  0.103  
M7 Age + Losses + Importance + Age×Gains + Age×Losses + Age×Importance  0.018  0.046  2.664  60.690  0.104  
M8 Age + Losses + Importance + Age×Losses + Age×Importance  0.006  0.045  7.936  178.775  0.102  
M9 Losses + Importance + Age×Losses  0.004  0.042  12.158  274.247  0.085  
M10 Losses + Importance + Age×Importance  0.004  0.020  5.607  129.384  0.079  
M11 Gains + Importance + Age×Losses + Age×Importance  0.004  0.018  5.171  119.523  0.089  
M12 Losses + Importance  0.006  0.018  3.019  69.977  0.062  
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Note. In all models, PM accuracy is the criterion. Experimental incentive/framing condition was entered as effect-coded categorical predictor in 
Study 1 (gains = −1; losses = +1) and Study 2 (gains = −1; control = 0; losses = +1). The null model includes only the grand mean (intercept). In 
each study, the model that outperformed the Null model the most and received most support by the data in comparison against the other 
candidate models is marked in boldface. The selection of the best regression model via BF represents a compromise between explained variance 
and the principle of parsimony (number of predictors). The column “Predictors” lists the variables included in a specific model to account for 
memory performance. P(M) = prior model probability initially assigned to a model; P(M|data) = posterior probability of a model after having 
seen the data; BFM = degree to which the data have changed from prior to posterior model odds (comparison of each model to the averaged 
posterior probability of the other models); R2 = proportion of criterion variance accounted for by the predictors. The column BF10 shows the 
Bayes factor for each model against the null model. For example, in Study2, model M2 accounts for the observed data ca. 586 times as well as 
the null model M0. A comparison between models M2 and M1 yields 586.44 / 31.01 » 18.91, suggesting the data are about 19 times more likely 
under M2 (which includes four predictors) than M1 (the most complex model including all predictors). We exhaustively considered all 
regression-model variants on memory performance with different combinations of the predictors age, framing, importance, and their interactions. 
In the table, only the twelve models (M1 to M12) with the highest posterior probability and the Null model are shown. A comprehensive table 
with all model variants is in the online supplement.   
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Table 3 Performance in Study 1 and 2:  
Prospective Memory, Ongoing-Task, and Importance Ratings 

















Study 1        
Age (years) 26.33 47.98 69.85  0.61 1.01 0.71 
Memory         
gains .64 .46 .41  .08 .09 .08 
losses .60 .60 .63  .09 .08 .09 
Importance (1-7)        
gains 4.65 5.00 4.88  0.42 0.43 0.42 
losses 4.92 5.55 4.81  0.36 0.33 0.40 
Cognitive speed        
DST 37.60 31.20 24.75  1.32 1.18 0.98 
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Table 3 continued 
Study 2        
Age (years) 24.74 44.50 66.15  0.50 0.88 0.45 
Memory         
gains .47 .49 .36  .06 .04 .04 
losses .41 .50 .49  .05 .05 .06 
control .43 .31 .31  .05 .04 .04 
Accuracy        
gains .90 .92 .92  .01 .01 .01 
losses .89 .91 .94  .01 .01 .01 
control .89 .92 .94  .01 .01 .01 
RT (ms)        
gains 964 994 1091  28 73 56 
losses 915 1001 1020  53 49 35 
control 954 990 1105  44 58 47 
% payoff retained        
gains 83.47 87.39 74.26  5.07 5.42 5.83 
losses 87.10 83.42 87.63  4.77 5.34 5.33 
Importance (0-100)        
gains 68.47 76.04 64.09  6.11 7.58 5.83 
losses 77.65 77.15 74.74  4.52 6.79 7.60 
control 75.04 80.65 75.51  5.05 5.75 5.81 
Note. Memory = proportion of accurate responses on prospective-memory target events; DST 
= scores in digit-symbol substitution test; Accuracy = proportion of correct word and nonword 
responses in the ongoing lexical-decision task; RT = median response time in the ongoing 
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lexical-decision task (in ms); Importance = self-report ratings of absolute importance of the 
memory task. 
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